Introduction {#Sec1}
============

Sodium-glucose co-transporter 2 (SGLT2) inhibitors exert beneficial effects by reducing renal glucose reabsorption, which leads to excess glucose excretion and calorie loss \[[@CR1]--[@CR7]\]. SGLT2 inhibitors function to lower blood glucose levels in an insulin-independent manner. While overweight and subsequent liver damage such as fatty liver are often also present in subjects with type 2 diabetes, SGLT2 inhibitors function to reduce body weight and ameliorate liver injury in addition to the improvement of glycemic control \[[@CR1]--[@CR7]\]. SGLT2 inhibitors also have a multilateral action such as the improvement of the lipid metabolism and decreased of blood pressure and serum uric acid level \[[@CR8]\]. It has been also reported that SGLT2 inhibitors reduce insulin resistance and preserve pancreatic β-cell function, which ultimately delays the worsening of pathogenesis of type 2 diabetes \[[@CR9]--[@CR15]\]. Furthermore, EMPA-REG OUTCOME clinical trials showed that subjects with type 2 diabetes at high risk for cardiovascular events who received empagliflozin had a lower rate of the primary composite cardiovascular outcome and of death from any cause compared to the subjects receiving placebo \[[@CR16]--[@CR19]\]. Subanalyses in the same clinical trials showed that in subjects with type 2 diabetes at high cardiovascular risk, empagliflozin was associated with slower progression of kidney disease and lower rates of clinically relevant renal events \[[@CR20]\]. Therefore, SGLT2 inhibitors have been drawing much attention. In clinical practical, however, SGLT2 inhibitors do not necessarily reduce body weight and do not necessarily ameliorate liver injury and/or glycemic control in all subjects with type 2 diabetes. On the basis of these phenomena, we decided to start this clinical study.

The primary outcome was change of liver injury, and the secondary outcome was change of HbA1c. Furthermore, we evaluated the correlation between change of liver injury or HbA1c and clinical background.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

We examined a total of 156 subjects with type 2 diabetes who visited the Department of Diabetes, Endocrinology, and Metabolism, Kawasaki Medical School from September, 2014 to August, 2016, and started taking SGLT2 inhibitors. SGLT2 inhibitor (luseogliflozin (52%), tofogliflozin (29%), ipragliflozin (15%), or dapagliflozin (4%)) was added to existing drugs. It is noted that these four drugs are commercially available in everyday practical medicine. The baseline drugs were maintained in the same dose during the observation period. We excluded the subjects with renal dysfunction (eGFR \< 45 mL/min), cardiac failure, liver disease (viral hepatitis, alcoholic hepatitis, autoimmune liver disease, or liver cirrhosis) and use of steroids. The study protocol was approved by the hospital ethics committee (No. 2375). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards and Good Clinical Practice. Informed consent was obtained by opt out.

We measured common clinical parameters, including height, body mass index (BMI) (kg/m^2^), and blood pressure. Also, we examined various parameters such as HbA1c, fasting plasma glucose (FPG) or postprandial plasma glucose (PPG), low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglyceride (TG), non-esterified fatty acid (NEFA), creatinine (Crn), estimated glomerular filtration rate (eGFR), uric acid, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyl transpeptidase (γ-GTP). The data related to immunoreactive insulin (IRI), homeostasis model assessment of insulin resistance (HOMA-IR), and NEFA were those of subjects with fasting blood sampling. Visceral fat area and skeletal muscle mass were calculated using a bioelectrical impedance body composition analyzer, InBody 770 (InBody Japan Inc.).

Statistical Analyses {#Sec4}
--------------------

All analyses were performed by using JMP version 9. Wilcoxon signed-rank test was used for the comparison between two paired groups. Spearman rank correlation analysis was performed to examine the association between ALT, HbA1c, BMI, and various clinical parameters. Concerning parameters with non-normal distribution, various analyses were performed after Box--Cox Y conversion. The results were expressed as median (interquartile range) for non-parametric variables. Throughout the statistical analysis, *p* \< 0.05 was considered significant.

Results {#Sec5}
=======

Clinical Characteristics of Study Subjects {#Sec6}
------------------------------------------

As shown in Table [1](#Tab1){ref-type="table"}, clinical characteristics of all subjects (*n* = 156) in this study at baseline were as follows: men/women 76:80; age, 54 years old (median); duration of diabetes, 8 years; HbA1c, 7.5%; fasting plasma glucose (FPG), 138 mg/dL; postprandial plasma glucose (PPG), 186 mg/dL; urinary glucose, 0.07 g/g Crn; body weight, 78.5 kg; BMI, 29.6 kg/m^2^; visceral fat area, 140 cm^2^ (*n* = 108); skeletal muscle mass, 26.7 kg (*n* = 108). Other characteristics of the subjects in this study were as follows: LDL cholesterol (LDL-Chol), 100 mg/dL; HDL cholesterol (HDL-Chol), 47 mg/dL; triglyceride, 129 mg/dL; systolic blood pressure, 130 mmHg; diastolic blood pressure, 80 mmHg; ALT, 34 U/L; AST, 26 U/L; γ-GTP, 38 U/L; Crn, 0.60 mg/dL; eGFR, 95.2 mL/min/1.73 m^2^; uric acid (UA), 5.4 mg/dL; urinary albumin excretion, 22.6 mg/g Crn.Table 1Clinical parameters of all subjects in this study at baseline and 12 weeks after SGLT2 treatmentClinical parameterBaseline12 weeksMedianInterquartile rangeMedianInterquartile range*p*Body weight (kg)78.569.0--92.575.767.2--91.4\< 0.0001BMI (kg/m^2^)29.625.9--34.328.725.2--32.9\< 0.0001Visceral fat area (cm^2^, *n* = 108)140102--7913092--174\< 0.0001Skeletal muscle mass (kg, *n* = 108)26.722.4--31.626.622.2--31.1\< 0.0005HbA1c (%)7.56.9--8.47.16.6--7.7\< 0.0001Fasting PG (mg/dL, *n* = 87)138120--158123110--144\< 0.0001Postprandial PG (mg/dL, *n* = 28)186150--236159123--196\< 0.01Urinary glucose (g/g Crn)0.070--0.3943.7824.36--66.30\< 0.0001HOMA-β (*n* = 61)60.730.0--80.763.039.6--98.0NSHOMA-IR (*n* = 61)4.12.6--5.83.11.8--5.4\< 0.0005LDL cholesterol (mg/dL)10081--1189977--117NSHDL cholesterol (mg/dL)4739--544842--56\< 0.0001Non-HDL cholesterol (mg/dL)125106--141124103--1420.12TG (mg/dL)12987--18211577--162\< 0.05NEFA (μEq/L, *n* = 70)685491--881707566--836NSSystolic BP (mmHg) (*n* = 100)130123--138130120--139NSDiastolic BP (mmHg) (*n* = 100)8076--878174--88NSCrn (mg/dL)0.600.47--0.750.620.52--0.75\< 0.0005eGFR (mL/min/1.73 m^2^)95.281.5--115.790.080.8--108.4\< 0.0005Urinary albumin (mg/g Crn, *n* = 108)22.610.4--69.123.711.1--58.3NSUric acid (mg/dL)5.44.4--6.24.83.9--5.5\< 0.0001ALT (U/L)3421--552818--42\< 0.0001AST (U/L)2620--392418--34\< 0.0001γ-GTP (U/L)3823--673019--51\< 0.0001ChE (U/L, *n* = 137)372327--436364325--421\< 0.01CRP (mg/dL, *n* = 98)0.170.08--0.280.150.07--0.29NSData are median (interquartile range). *p* values were calculated by Wilcoxon signed-rank test to compare between two paired groups. *p* \< 0.05 was considered significant*SGLT2* sodium-glucose co-transporter 2, *BMI* body mass index, *HbA1c* hemoglobin A1c, *PG* plasma glucose, *HOMA-β* homeostasis model assessment of β-cell function, *HOMA-IR* homeostasis model assessment of insulin resistance, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein, *TG* triglyceride, *NEFA* non-esterified fatty acid, *BP* blood pressure, *Crn* creatinine, *eGFR* estimated glomerular filtration rate, *ALT* alanine aminotransferase, *AST* aspartate transaminase, *γ-GTP* γ-glutamyltransferase, *ChE* cholinesterase, *CRP* C-reactive protein

The proportions of subjects with diabetic neuropathy, retinopathy, nephropathy, cerebrovascular disorder, and ischemic heart disease were 28%, 14%, 33%, 4%, and 5%, respectively. The therapeutic situation at administration was as follows: insulin, 14%; glucagon-like peptide-1 (GLP-1) receptor activator, 10%; dipeptidyl peptidase-4 (DPP-4) inhibitor, 62%; sulfonylurea (SU), 24%; glinide,8%; biguanide, 76%; thiazolidinediones, 37%; α-glucosidase inhibitor (α-GI), 12%. Other medications were as follows: angiotensin II receptor blocker (ARB), 38%; calcium channel blocker (CCB), 23%; diuretic, 5%; statin, 65%; fibrate, 10%.

Efficacy of SGLT2 Inhibitor on Various Metabolic Parameters Including Body Weight, Glycemic Control, and Liver Damage {#Sec7}
---------------------------------------------------------------------------------------------------------------------

Twelve weeks after starting SGLT2 inhibitor, body weight and BMI were significantly reduced compared to before the treatment (*p* \< 0.0001). Reduction from baseline body weight and BMI was − 2.8 kg and − 0.9 kg/m^2^, respectively. HbA1c and blood glucose levels were also significantly decreased. Reduction from baseline HbA1c, FPG, and PPG was − 0.4%, − 15 and − 27 mg/dL, respectively. Liver injury was also significantly improved; 12 weeks after the initiation of SGLT2 inhibitor, ALT, AST, and γ-GTP levels were significantly lower compared to before the treatment (*p* \< 0.0001). HDL cholesterol was significantly increased and TG was significantly decreased after SGLT2 inhibitor treatment. eGFR was significantly decreased and Crn was significantly increased, but no case became a problem clinically such as the development of renal failure. These data suggest that SGLT2 inhibitors exert beneficial effects on various clinical parameters including body weight, glucose metabolism, and liver injury.

To examine the effects of SGLT2 inhibitor on body composition, we evaluated it by using InBody 770. Visceral fat area was significantly decreased from baseline (140 cm^2^ at baseline and 130 cm^2^ at 12 weeks, *p* \< 0.0001). Skeletal muscle mass was also significantly reduced from baseline, but the change was smaller than that of visceral fat area. These data suggest that SGLT2 inhibitors exert beneficial effects on body mass composition; SGLT2 inhibitors could reduce fat mass without substantial reduction of skeletal muscle mass, leading to amelioration of glycemic control.

The number (%) of side effects in this study was as follows: hypoglycemia, *n* = 2 (1.3%); abnormal appetite, 9 (5.8%); dehydration, 1 (0.6%); thirstiness, 5 (3.2%); genitourinary tract infection, 4 (2.6%); pruritus vulvae, 7 (4.5%); cutaneous symptom; 3 (1.9%).

Evaluation of Factors Associated with Efficacy of SGLT2 Inhibitor on Liver Damage {#Sec8}
---------------------------------------------------------------------------------

To examine which factors are associated with the effect of SGLT2 inhibitor on liver injury, we performed univariate analyses. In univariate analyses, we included the factors which may contribute to the improvement of liver injury or which had a significant change after SGLT2 treatment. As shown in Table [2](#Tab2){ref-type="table"}, ∆ ALT (from baseline to 12 weeks after the treatment) was significantly associated with HbA1c (*p* \< 0.001), fasting PG (\< 0.05), IRI (\< 0.05), HOMA-IR (\< 0.05), ALT (*p* \< 0.0001), AST (*p* \< 0.0001), γ-GTP (*p* \< 0.0005), and Crn (\< 0.005) at baseline.Table 2Association of baseline clinical parameters and alteration of ALT (∆ ALT) for 12 weeks in univariate and multivariate analysesParameter*ρp*Parameter*ρp*Univariate analyses Age0.190\< 0.05LDL cholesterol0.117NS Duration of diabetes0.196\< 0.05HDL cholesterol0.077NS Body weight− 0.025NSTG− 0.169NS BMI− 0.084NSNEFA− 0.143NS Visceral fat area− 0.074NSALT− 0.552\< 0.0001 Skeletal muscle mass0.165NSAST− 0.494\< 0.0001 HbA1c− 0.271\< 0.001γ-GTP− 0.262\< 0.0005 Fasting PG− 0.216\< 0.05Crn0.228\< 0.005 Postprandial PG− 0.113NSeGFR− 0.187NS IRI− 0.248\< 0.05Uric acid− 0.048NS HOMA-IR− 0.296\< 0.01Urinary albumin− 0.044NS CRP− 0.117NSParameter*ρFp*Multivariate analyses Age− 0.0140.02NS Gender− 0.1681.89NS HbA1c− 0.2335.12\< 0.05 HOMA-IR0.1833.17NS Crn0.0670.27NS ALT− 0.52727.52\< 0.001In analysis of the association between ∆ ALT and various baseline clinical parameters, univariate analyses and multiple regression analyses were performed after Box--Cox Y conversion of the non-normal distributional variables*ALT* alanine aminotransferase, *BMI* body mass index, *HbA1c* hemoglobin A1c, *PG* plasma glucose, *IRI* immunoreactive insulin, *HOMA-IR* homeostasis model assessment of insulin resistance, *CRP* C-reactive protein, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein, *TG* triglyceride, *NEFA* non-esterified fatty acid, *AST* aspartate transaminase, *γ-GTP* γ-glutamyltransferase, *Crn* creatinine, *eGFR* estimated glomerular filtration rate,*NS*not significant

To examine which factors independently determine the effect of SGLT2 inhibitor on alteration of liver damage, we performed multivariate analyses using age, gender, baseline HbA1c, baseline HOMA-IR, baseline Crn, and baseline ALT as explanatory variables and ∆ ALT (0--12 weeks) as an objective variable. It is noted that we included baseline ALT so that we excluded the possible influence of baseline ALT on this analysis. Baseline HbA1c and ALT were independently associated with ∆ ALT (0--12 weeks). SGLT2 inhibitors exerted more beneficial effects on liver injury in subjects with high HbA1c and high ALT at baseline.

To examine the association between the alteration of liver damage and that of other parameters after SGLT2 inhibitor treatment, we performed univariate analyses. As shown in Table [3](#Tab3){ref-type="table"}, ∆ ALT (0--12 weeks) was significantly associated with ∆ HbA1c (*p* \< 0.0001), ∆ fasting PG (*p* \< 0.05), ∆ AST (*p* \< 0.0001), and ∆ γ-GTP (*p* \< 0.0001) (0--12 weeks).Table 3Association of alteration of various clinical parameters and alteration of ALT (∆ ALT) for 12 weeks in univariate and multivariate analysesParameter*ρp*parameter*ρp*Univariate analyses ∆ Body weight0.171\< 0.05∆ LDL cholesterol0.023NS ∆ BMI0.185\< 0.05∆ HDL cholesterol− 0.030NS ∆ Visceral fat area0.179NS∆ TG− 0.015NS ∆ Skeletal muscle mass0.042NS∆ NEFA0.194NS ∆ HbA1c0.312\< 0.0001∆ AST0.823\< 0.0001 ∆ Fasting PG0.231\< 0.05∆ γ-GTP0.630\< 0.0001 ∆ Postprandial PG− 0.038NS∆ eGFR0.154NS ∆ IRI0.116NS∆ Uric acid− 0.073NS ∆ CRP0.031NS∆ Urinary albumin0.034NSParameter*ρFp*Multivariate analyses Age0.1744.71\< 0.05 Gender− 0.0951.57NS ∆ HbA1c0.2449.22\< 0.005In analysis of the association between ∆ ALT and alteration of various clinical parameters, univariate analyses and multiple regression analyses were performed after Box--Cox Y conversion of the non-normal distributional variables*ALT* alanine aminotransferase, *BMI* body mass index, *HbA1c* hemoglobin A1c, *PG* plasma glucose, *IRI* immunoreactive insulin, *HOMA-IR* homeostasis model assessment of insulin resistance, *CRP* C-reactive protein, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein, *TG* triglyceride, *NEFA* non-esterified fatty acid, *AST* aspartate transaminase, *γ-GTP* γ-glutamyltransferase, *eGFR* estimated glomerular filtration rate, *NS*not significant

To examine which factors independently determine the effect of SGLT2 inhibitor on liver damage, we performed multivariate analyses using age, gender, and ∆ HbA1c as explanatory variables and ∆ ALT (0--12 weeks) as an objective variable. ∆ HbA1c and age were independently associated with ∆ ALT (0--12 weeks). SGLT2 inhibitors exerted more beneficial effects on liver injury in younger subjects and/or in subjects whose HbA1c levels were decreased.

Evaluation of Factors Associated with Efficacy of SGLT2 Inhibitor on Glycemic Control {#Sec9}
-------------------------------------------------------------------------------------

To examine which factors are associated with the effect of SGLT2 inhibitor on glycemic control, we performed univariate analyses. As shown in Table [4](#Tab4){ref-type="table"}, ∆ HbA1c (from baseline to 12 weeks after the treatment) was significantly associated with age (*p* \< 0.0005), HbA1c (*p* \< 0.001), postprandial PG (*p* \< 0.05), HOMA-IR (*p* \< 0.05), NEFA (*p* \< 0.05), ALT (*p* \< 0.005), AST (*p* \< 0.005), γ-GTP (p \< 0.005), Crn (*p* \< 0.005), and eGFR (*p* \< 0.0005) at baseline.Table 4Association of baseline clinical parameters and alteration of HbA1c (∆ HbA1c) for 12 weeks in univariate and multivariate analysesParameter*ρp*Parameter*ρp*Univariate analyses Age0.281\< 0.0005LDL cholesterol− 0.102NS Duration of diabetes0.153NSHDL cholesterol0.152NS Body weight− 0.197\< 0.05TG− 0.111NS BMI− 0.186\< 0.05NEFA− 0.249\< 0.05 Visceral fat area− 0.083NSALT− 0.229\< 0.005 Skeletal muscle mass0.085NSAST− 0.249\< 0.005 HbA1c− 0.573\< 0.001γ-GTP− 0.249\< 0.005 Fasting PG− 0.088NSCrn0.229\< 0.005 Postprandial PG− 0.398\< 0.05eGFR− 0.294\< 0.0005 IRI− 0.183NSUric acid0.094NS HOMA-IR− 0.236\< 0.05Urinary albumin0.010NS CRP− 0.126NSParameter*βFp*Multivariate analyses Age0.0800.42NS Gender− 0.0920.58NS ALT− 0.1150.82NS eGFR0.1291.07NS HOMA-IR0.0740.27NS NEFA0.1241.18NS Body weight− 0.0930.45NS HbA1c− 0.58022.48\< 0.0001In analysis of the association between ∆ HbA1c and various baseline clinical parameters, univariate analyses and multiple regression analyses were performed after Box-Cox Y conversion of the non-normal distributional variables*HbA1c* hemoglobin A1c, *BMI* body mass index, *PG* plasma glucose, *IRI* immunoreactive insulin, *HOMA-IR* homeostasis model assessment of insulin resistance, *CRP* C-reactive protein, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein, *TG* triglyceride, *NEFA* non-esterified fatty acid, *ALT* alanine aminotransferase, *AST* aspartate transaminase, *γ-GTP* γ-glutamyltransferase, *Crn* creatinine, *eGFR* estimated glomerular filtration rate, *NS*not significant

To examine which factors independently determine the effect of SGLT2 inhibitor on glycemic control, we performed multivariate analyses using age, gender, and baseline levels of ALT, eGFR, HOMA-IR, NEFA, body weight, and HbA1c as explanatory variables and ∆ HbA1c (0--12 weeks) as an objective variable. It is noted that we included baseline HbA1c so that we excluded the possible influence of baseline HbA1c on this analysis. Baseline HbA1c was independently associated with ∆ HbA1c (0--12 weeks). SGLT2 inhibitors exerted more beneficial effects on glucose tolerance in subjects with high HbA1c at baseline.

To examine the association between the alteration of HbA1c and that of other parameters after SGLT2 inhibitor treatment, we performed univariate analyses. As shown in Table [5](#Tab5){ref-type="table"}, ∆ HbA1c (0--12 weeks) was significantly associated with ∆ body weight (*p* \< 0.0005), ∆ BMI (*p* \< 0.0005), ∆ fasting PG (*p* \< 0.05), ∆ postprandial PG (*p* \< 0.05), ∆ CRP (*p* \< 0.01), ∆ NEFA (*p* \< 0.01), ∆ ALT (*p* \< 0.0001), ∆ AST (*p* \< 0.001), ∆γ-GTP (*p* \< 0.0001), and ∆ eGFR (*p* \< 0.01). To examine which factor independently determines the effect of SGLT2 inhibitor on glycemic control, we performed multivariate analyses using age, gender, duration, ∆ BMI, ∆ fasting PG, ∆ NEFA, ∆ eGFR, ∆ ALT, and ∆ CRP (0--12 weeks) as explanatory variables and ∆ HbA1c (0--12 weeks) as an objective variable. In multivariate analyses, we included various factors which were associated with change of HbA1c in univariate analyses. ∆ ALT was independently associated with ∆ HbA1c (0--12 weeks). SGLT2 inhibitors exerted more beneficial effects on glycemic control in subjects whose liver injury was ameliorated.Table 5Association of alteration of various clinical parameters and alteration of HbA1c (∆ HbA1c) for 12 weeks in univariate and multivariate analysesParameter*ρp*Parameter*ρp*Univariate analyses∆ Body weight0.287\< 0.0005∆ LDL cholesterol0.083NS∆ BMI0.286\< 0.0005∆ HDL cholesterol0.035NS∆ Visceral fat area0.103NS∆ TG− 0.148NS∆ Skeletal muscle mass0.194\< 0.05∆ NEFA0.323\< 0.01∆ Fasting PG0.229\< 0.05∆ ALT0.312\< 0.0001∆ Postprandial PG0.391\< 0.05∆ AST0.270\< 0.001∆ IRI− 0.106NS∆ γ-GTP0.385\< 0.0001∆ CRP0.281\< 0.01∆ eGFR0.217\< 0.01∆ Uric acid− 0.138NS∆ Urinary albumin0.076NSParameter*βFp*Multivariate analyses Age− 0.0300.04NS Gender0.2803.66NS Duration0.1410.83NS ∆ BMI0.1771.17NS ∆ Fasting PG0.0560.15NS ∆ NEFA0.0900.39NS ∆ eGFR− 0.0530.12NS ∆ ALT0.3394.67\< 0.05 ∆ CRP0.1240.74NSIn analysis of the association between ∆ HbA1c and alteration of various clinical parameters, univariate analyses and multiple regression analyses were performed after Box--Cox Y conversion of the non-normal distributional variables*HbA1c* hemoglobin A1c, *BMI* body mass index, *PG* plasma glucose, *IRI* immunoreactive insulin, *HOMA-IR* homeostasis model assessment of insulin resistance, *CRP* C-reactive protein, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein, *TG* triglyceride, *NEFA* non-esterified fatty acid, *ALT* alanine aminotransferase, *AST* aspartate transaminase, *γ-GTP* γ-glutamyltransferase, *eGFR* estimated glomerular filtration rate, *NS*not significant

Evaluation of Factors Associated with Efficacy of SGLT2 Inhibitor on Body Weight {#Sec10}
--------------------------------------------------------------------------------

To examine which factor determines the effect of SGLT2 inhibitor on body weight, we performed univariate analyses. There was no association, however, between ∆ BMI (from baseline to 12 weeks after the treatment) and any other parameters at baseline including age, duration, body weight, BMI, fasting and postprandial PG, IRI, HOMA-IR, LDL and HDL cholesterol, TG, NEFA, ALT, AST, γ-GTP, eGFR, uric acid, urinary albumin, or CRP.

To examine the association between the alteration of BMI and that of other parameters after SGLT2 inhibitor treatment, we performed univariate analyses. ∆ BMI (0--12 weeks) was significantly associated with ∆ body weight (*p* \< 0.0001), ∆ visceral fat mass (\< 0.0001), ∆ skeletal muscle area (*p* \< 0.0001), ∆ ALT (*p* \< 0.05), ∆ AST (*p* \< 0.05), and ∆ γ-GTP and ∆ eGFR (*p* \< 0.005) (0--12 weeks). There was no significant association between ∆ BMI and other parameters including ∆ fasting PG, ∆ postprandial PG, ∆ IRI, ∆ MOMA-IR, ∆ CRP, ∆ LDL cholesterol, ∆ HDL cholesterol, ∆ TG, ∆ NEFA, ∆ eGFR, ∆ uric acid, or ∆ urinary albumin.

To examine which factor independently determines the effect of SGLT2 inhibitor on body weight and BMI, we performed multivariate analyses using age, gender, ∆ HbA1c, and ∆ visceral fat area (0--12 weeks) as explanatory variables and ∆ BMI (0--12 weeks) as an objective variable. In multivariate analyses, we included various factors which were associated with change of BMI in univariate analyses. ∆ HbA1c and ∆ visceral fat area were independently associated with ∆ BMI (0--12 weeks). SGLT2 inhibitors exerted more beneficial effects on BMI in subjects whose HbA1c levels and/or visceral fat area was decreased.

Discussion {#Sec11}
==========

In this study, we showed that SGLT2 inhibitor exerted beneficial effects on metabolic parameters such as body weight, HbA1c, and liver damage without severe adverse effects (Table [1](#Tab1){ref-type="table"}). In addition, we evaluated the effect of SGLT2 inhibitor on body composition using InBody 770 and showed that body fat mass was substantially decreased and accompanied by a reduction of skeletal muscle mass (Table [1](#Tab1){ref-type="table"}). Finally, we showed that SGLT2 inhibitor exerted larger efficacy on liver injury in younger subjects and/or in subjects whose HbA1c levels were decreased (Table [3](#Tab3){ref-type="table"}). We assume that liver injury is relatively easily recovered in young subjects compared to elderly subjects. In addition, we showed that SGLT2 inhibitors exerted more beneficial effects on glycemic control in subjects whose liver injury was ameliorated (Table [5](#Tab5){ref-type="table"}). We think that these result were reasonable for the following reasons. When liver injury is ameliorated with SGLT2 inhibitor, insulin resistance is usually decreased, which leads to the amelioration of glycemic control. In addition, liver damage such as steatosis is often induced by chronic hyperglycemia under diabetic conditions. Therefore, it is reasonable that when glycemic control is ameliorated with SGLT2 inhibitor, liver injury is recovered in subjects with type 2 diabetes.

As shown in Table [1](#Tab1){ref-type="table"}, visceral fat area was more substantially decreased compared to the alteration of skeletal muscle mass; the reduction of body fat mass at 12 weeks was − 10 cm^2^ (from 140 to 130 cm^2^), whereas the reduction of skeletal muscle mass was only − 0.1 kg (from 26.7 to 26.6 kg) (the respective rate of change is − 4.5% and − 0.9%, *p* = 0.005). It has been thought that SGLT2 inhibitors could induce sarcopenia, especially in older and frail diabetic patients, but we think that we might not need to be afraid of sarcopenia provided we use SGLT2 inhibitors in an appropriate way by avoiding their prescription in older and frail diabetic patients. We think that SGLT2 inhibitors would be suitable for relatively young and obese subjects. It is noted here that in this study subjects were middle aged (median age, 54 years old) and relatively obese (median BMI, 29.6 kg/m^2^) which was the main reason why there was no serious clinical problem such as sarcopenia. We think that the data obtained in this study would not be necessarily true for relatively aged and lean subjects. We assume that the alteration of body mass composition reduction could induce some clinical problems such as sarcopenia in the case of relatively aged and lean subjects. Furthermore, since baseline body fat mass is usually relatively small in aged and lean subjects, we assume that skeletal mass, rather than body fat mass, would be likely reduced with SGLT2 inhibitors, which would further increase the potential risk of some clinical problems such as sarcopenia.

We think that the present study with real-world data has a certain impact. First, in this study, we showed in detail which factor in the baseline parameters or which alteration of parameters after SGLT2 inhibitor treatment were related to the improvement of liver injury or glycemic control. We think that this point would be very informative and useful for clinicians when they start the treatment with an SGLT2 inhibitor. In addition, while it was shown that SGLT2 inhibitors ameliorated liver injury in subjects with NAFLD \[[@CR21]\], the subjects in this study had relatively mild liver injury. Therefore, our present results suggest that SGLT2 inhibitors exert beneficial effects on body weight and liver injury even in subjects who have relatively mild liver injury without NAFLD. Furthermore, the number patients with type 2 diabetes and mild liver injury has been markedly increasing worldwide, and SGLT2 inhibitors have become internationally available. Therefore, we hope that our study will provide timely information about the effectiveness of SGLT2 inhibitors on glucose metabolism and liver damage in subjects with type 2 diabetes and liver injury.

There are limitations in this study. First, since the subjects in this study were outpatients, the results were influenced by diet and/or exercise in each subject. Second, although the control patients without SGLT2 inhibitors are required for comparison with the enrolled patients, in this study we performed various analyses only in subjects who initiated SGLT2 inhibitor treatment. Third, we failed to evaluate imaging results such as abdominal ultrasonography (US) and/or computed tomography (CT) scan, although we knew that some imaging was performed in 101 subjects (64.7%) in this study in the past and 80 subjects were diagnosed as having hepatosteatosis. Some prospective study with a larger number of subjects and with an imaging inspection such as US and CT would be necessary to strengthen the idea obtained in our analyses. In addition, it is well known that there is much difference in characteristics between Japanese and Caucasian patients. For example, BMI in Japanese subjects is much smaller than that in Caucasians, and pancreatic β-cells in Japanese are much more vulnerable to hyperglycemia compared to those in Caucasians. Indeed, insulin secretory capacity is easily decreased under diabetic conditions in Japanese subjects. In contrast, insulin secretion is usually increased in order to compensate insulin resistance in Caucasians with obese type 2 diabetes \[[@CR22]\]. Therefore, since all subjects in this study were Japanese, the data obtained in this study would not be necessarily true for Caucasians.

Taken together, SGLT2 inhibitors exert beneficial effects on metabolic parameters such as body weight, glycemic control, and liver injury without severe adverse effects in Japanese subjects with type 2 diabetes. In addition, there was close association between the effects of SGLT2 inhibitor on liver injury and those on glycemic control in subjects with type 2 diabetes.

Conclusions {#Sec12}
===========

Recovery of liver injury with SGLT2 inhibitor treatment was closely associated with their effects on glycemic control in Japanese subjects with type 2 diabetes.
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